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TECHNICAL FIELD 

5 The present invention rdates to devices and mettiods fior inracfiatiDn and in 
particular to devices and methods tar inadiation in more than one direction, 

BACKGROin«D 

10 Radiation, in the foxm of dectramagnetic radiation or particle radiation, is 
todagr used for many puiposes, e«g* modificatioTi of properties of materials, 
steriUsing purposes as well as medical diagnostics and treatment. The 
different puiposes put different requirements on tbe methods and devices 
used, but there are also Ug similaiities. 

15 

In the field of radiotherapy and radiosurgery treatment, a common general 
method is to arrange a patient on a couch. A radiation head is directed 
relative the patient in order to direct zadiation to a certain treatment volimae, 
e.g» a tumour. The gqtieral requirement in sudh applications ia to maximise 
20 the dose within the treatment vohime, while minimise the dose in tissue 
material outside the treatment volume. One way to accomplish this is to 
irradiate the treatment volume from different directions, whereby the 
treatment volume receives a radiation dose at all instances, while certain 
parts of the surrounding material onfy receives doses at some occasion* 

There are difGerent ways to accomplish multi-directional radiation. For small 
radiation sources* a multitude of sources m^ be used. This may e.g. be 
used for Co-60 sources, which ncnmallty are limited in siae and wdght. For 
other radiation sources, which are heavier and/or larger, tiiis solution 
530 becomes unpractical. Another approach is instead to anange the radiation 

head in a movable fashion, e.g. attached to a gentiy, which is allowed to 
move. Since radiation heads often are very heavy, in some cases up to 
several thousand kilograms, the gantries have typically to be build eictremely 



99 06/09t^^%h*rtftv«lttl830SO WiCENT AB ^ PATENTVERKET B005/038 

446 18 lS3a50 

1999 -06- 0 9 2 

Huvudfoxen Kosson 

Stable. The easiest way to move the gantxy is in such eases to use a rotating 
movement. Since it in most applications is desirable to have the bocfy to be ' 
irradiated positioned horizontslljr, the rotation axis is typically oriented 
horizontally, so that the gantry is aUowcd to move besides and tmder the 
5 bofiy. 



The gantry according to prior art is typically designed in a general L or C 
shape, and the rotational support is provided at one axial end of the body. 
However, the heai^ wei^its may cause the gantiy anna to dasttcal^ deform, 
10 which results in a modified rotational motion. Instead of a pure rotation, the 
gantry will precess, creating an inaecura^ in the positioning of the radiation 
head. Furthermore, the heavy loads wiU apply extreme forces on the rotation 
bearings, even if many attempts of balancing the gantries have been made. 
Due to these reasons, the gantry movements arc limited in speed, since hi^ 
^ 15 accelerations and retardations increase the load even fUrther. 

The couches used together with this type of gantries is typieally designed 
with a support portion, vriiich is situated outside tiie area of the gantry 
movement, and a couch sticking into the gantry region substantially 

20 horizontally. The reason for this is tiiat no couch supports can be placed in 
the path of the gantry rotation. Due to the aqrnnnetric design, the couches 
are typically very sensitive for the positioning of the body on the couch. 
Placing a body on tiie couch will typically cause a displacement of up to 1 
cm, and chaz^ging the location of the bo4y on the couch may alter the ^ 

25 displacement several millimetres* this tmpUes that the motion of the coxach 
can not be used during an accurate treatment of e.g. a tumour in the 
treatment volume. 

• • • 

Since the radiation treatment is intended to be performed also from below, it 

* 3T) is important that the couch close to the treatment volxmie do not absorb the 

radiation and causes any production of secondafy radiation. One way to 
solve this is to remove most of the solid material from tiie couch dose to tiie 

• » • 

treatment volume, and only leave e.g. a thin stretched foil of material vrith 
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low cross section for the used radiation. However, in order to support body 
weight on both sides of the treatment volume, some stiff solid conatructions« 
connecting solid parts of the couch, have to pass rdativety close to the 
treatment volimie, e.g. in the foim of C-aims or beams. However, changing 
5 the irradiation direction^ may lead to collisions with such arms, which has to 

be movable, depending on the position of the radiation head. 

Using gantries with a single rotational movement allows ftsr inadiation in 
different directions in one and the same plane, so called coplanar irradiation. 

10 If the ratio between the doses of the treatment volume and &e tissues 

outside, respectively, is going to be increased further, radiation in directions 
outside this inadiation plane has to be accomplished, so called non-coplanar 
irradiation^ A trivial solution could be to provide the gantiy with several 
radiation heads, irradiating the tr ea t m ent volume in different out-of-planc 

15 directions. However, expentive or heavy radiation heads are not s\utablc for 
audi solutions. 

There are several attempts for solutions gfviag non-ooplanar irradiation in 
prior art. Some uses radiation deviation means, or uses tihe possibility to tilt 
20 the body to be irradiated. Deviation means arc, however, often dif&ctilt to 

control in an exact way, in particular when constant radiation beam 
properties are concerned. Tilting of the body is unsiiitable due to risks of 
displacements, between the body and the couch, of the couch itself as well 
as displacements within the body. 
25 ^ 

The British .patent GB 1,129,653 discloses a device for radiation therapy, 
: which is movable in several directions. It discloses the possibility to rotate a 

: V gantry around a horizontal axis and at the same time displace the radiation 

head along a perpendicular circular arch relative to the gantxy. This solution 
* 30 provides non-coplanar irradiation, but still perfonns the problems with 

' instability in the gantiy and couch. 
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The American patent US 5,577,094 disdoses another solution, where the 
^antxy is movable along two perpendicijlar circular paths. This is. besides 
the earlier described stability pxt>blems also restricted mainfy to cranial 
treatments, since the available space around the treatment volume 
5 substantially is restricted to one side. 



A common problem with most equipment according to the state of the art is 
that there is a risk for collision between the radiation head and the bodsr, to 
be irradiated, or couch. When chaxkging irradiation directions, a tnami^i 

10 inspection is normally required during movements of the radiation head 
and/or giantiy to ensure that the body is not jammed between Hie couch and 
the gantry. This problem makes any requested automation of the treatment 
difficult^ There arc some solutions of this problem, which are based on 
contact switches, which stops any movemmt, if axiy distances become too 

15 smalL Normallsr, this is combined with using friction safety clutches, applied 
to the gantry movement. When using such solutions, the *na^mtinn allowed 
moment on the gantzy is reduced, which ftirtfaer reduces the maximum 
retardation and acceleration. Furthennore. Hic contact switch solution has 
some reaction time, which put restrictions on the maxitnum speed of any 

20 motion. 



SUMMARY 



It is therefore a general object of the present invention to provide irradiation « 
2 5 devices and methods dierefbre, which do not present the iiroblcms discussed 
above. In more detail, it is an object of the present invention to provide 
irradiation devices, which presents an improved stability in the gantiy and 

: '.• couch. A further object with Ae present invention is to provide irradiation 

devices, which can provide accurate non-coplanar irradiation without 

•3p involving movement of the hody to be irradiated. Another objject of the 

present invention is to provide a design of irradiation devices, which 
simplifies automatic control of the movements of di£Serent parts, without risk 
for collisions. Yet another o1]ject of the presoit invention is to provide 
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irradiatLon devices which can provide radiation continuously over an angle 
conslderahly exceeding a full turn. 



The above o!:ticcts are achieved a device and a method according to the 
5 enclosed claims. In general, the objects of the present invention arc achieved 

by providing an ir ra di at ion device providing a fitee volume around the body to 
be irradiated^ along its entire longitudinal axis. The supporting parts of a 
l^tiy of the irradiation device are situated substantially radially with 
respect to the free volume. The gantry comprises an inner gantry part with at 

10 least two supporting locations to an outer gantry part. The support locations 
are situated at each side of a treatment volume. A radiation head, 
mechanically attached to the gantry and arranged to direct radiation to the 
treatment volume is movable aroimd the treatment volimie. In preferred 
embodiments, parts of the inner and outer g^tzy parts are formed as rings, 

15 leaving a free space along the longitudinal axis of the body. A body- 

supporting couch is arranged along the rotational axis and through the 
hoUow gantxy parts. Hie radiation head is preferabty movable alon^ a 
circular path also perpendicular to the rotation axis. Non-coplanar 
treatments are thereby possible to obtain. The arrangements are suitable for 

2 0 apptying numerical control of the gantiy movements. 

The method of the present invention comprises the provision of two inner 
gantry part support locatioiis at each ude of the treatment volume. 
Pteferably, the radiation head is moved along a spherical surfisice in two ^ 
25 perpendicular directions. The rotation around the rotational axis is * 
prefcrabfy made continuously. 



BRIEF DESCRIPTION OF THE DRAWINGS 

*="3fc The invention, together with further objects and advantages thereof, may best 

be understood by referring to the following description taken together with the 
accompanying drawing, in which: 
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FIG. I is a side view of a first embodiment of an irradiation device 
according to the present invention; 

FIG. 2 is a sectional view of the ixradiation device of fig. 1, taken 
along the line A-A; 

5 FIG. 3a is a ix i - sp ective view of a couch to be \ised with an tnadiadon 

device according to the present invention; 

FIG. 3b illustrates the movement region reqtdred for the couch; 
FIG. 4 is a schematic drawing ilhistrating the irradiation dxx^cdons 
achievable bjr a device according to the first embodiment of the present 
10 invention; 

FIG. 5 is a flow diagram illustrating a general irradiation method 
according to the present invention; 

FIG. 6 is a flow diagram illustrating a preferred embodiment of an 
ixradiation method according to the present invention; 
IS FIG. 7 is a side view of a second embodiment of an irradiation device 

according to the present invention; 

FIG. 8 is a sectional view of the irradiation device of fig. 7, taken 
along the line B-B; 

FIG. 9 is a schematic drawing illustrating die irradiation directions 
20 achievable hy a device according to the second embodiment of the present 
invention; 

FIG. 10 is a side view of a third embodiment of an irradiation device 
according to the present invention; 

FIG. II is a sectional view of the irradiation device of fig. 10, taken « 
25 along the line C-C; and ' 

FIG. 12 is a schematic drawing illustrating the irradiation directions 
achievable fay a device according to the third embodimmt of the present 
invention. 

:?0 DETAILED DESCRIPTION 



The present invention is based on some g^eral more or less pure 
geometrical considerations. The stabilily problems for gantries and couches 
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according to the state of the art are based on the alignment of the gantzy 
support and the couch. The gantry is noimalijr placed substantial!/ in the 
vicinity of the axis of rotation^ whidi is substantially aligned nivith the 
extension of the couch. Hie couch is on^ possible to support in one end doe 
to the interference with the gantry movements and the unstable gantry 
design is based on requirements not to disturb the couch more than 
necessary. 



In the present invention, the geometric considemtions are changed. In order 
10 to make it possible to provide a stable couch design, a volume aroimd the 
couch, comprising the volume in which the body to be irradiated is plaoedi is 
reserved for couch parts onfy. No gantry parts are allowed to be present 
within this vohime. All movable parts of the ^mtiy are in all possible 
situations situated at a distance from tiie rotation axis of the radiation head 
15 vAiich is larg^ than a predetermiiied value. The free volume is extended 
along the couch axis throu^ the entire gantiy arrangement. Hie gantry is 
supposed to be movable around this reserved volume, mradiating the hody 
finom different directions. 

20 As a result of this volume reservationj ^e gantry is no longer allowed to be 
placed axially with respect to the couch, the body and the rotation axis. The 
gantry supporting parts thus have to be moved from an axial position to a 
radial position, with respect of the couch. That means that the supporting 
means of the gantry has to be placed substantia!^ above, below or at the « 

25 sides of the couch. 



The gantry design has to be stable, but at the same time allow for 
examination of the body to be treated. Since the gantry, in a radial position 
with respect to the body, occupies the same volumes that are used fior e.g. 
'-'3p visual or manual examination of the body, the gantry thus has to be kept 
relatively small in sise. This complicates the stability problems even more. 
According to the present inventioni &e stabili^ of the gantry is acAiieved by 
anmging an inner gantry part witii two si^>porting locationa relative to an 
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outer gantry part These two supporting locations are placed at each side of 
the treatment volume, i.e. the vdltnne of the body that is to be Irradiated. 
Since there are two support locations^ the stability of the gantiy is increased^ 
without increasing the vohune or inherent strength of the gantiy. The two 
5 support locations may be placed in any direction, radially or axially, as long 

as the finee volume aitnand the couch is preserved. 

Below, three embodiments of the present invention are described, which 
ilhistrates devices where the supporting locations of the ixmer gantry part to 
10 the outer gantry part are placed in different directions relative to the 

treatment volume. The invention is particularly useful for radiotherapy and 
radiosuigeiy applications. However, as anyone skilled in the art 
vinderstands, Hiere are other modifications and alternative embodiments, 
which still are covered l^tiie scope of the invention. 

15 

In fig. 1, a side view of a first embodiment of an irradiation device according 
to the invention is illustrated. A radiation head 8 is mechanicalljr supported 
fay an inner gantry part, generslly denoted by 1. The inner gantry part 1 
comprises in the present embodiment a circle arc portion 3, a first ring 

20 portion 4 and a second ring portion 5. The radiation head 8 is movable along 
the circle arc portion 3» and arranged to direct radiation to a treatment 
vchime 12. A body 11 is placed at a body-supporting couch, generally 
denoted l;^ 10. The treatment volume 12 is thereby in the normal case a part 
of the hody 11, which is going to be treated by the radiation emitted from the e 

25 radiation head 8. The first ring portion 4 and a second ring portion 5 are in ^' 
this embodiment positioned at each side of the treatment volume 12. The 

.* ring portions 4, 5 are rotatably supported hy an outer gantry part 2, 

comprising a first support portion 6 and a second support portion 7. 
Accordingly, the irmer gantry part 1 is provided with two supporting 

30 locations S with respect to the outer gantry part 2: The ixmer gentry part 1 is 

fay this arrangjement possible to rotate aroimd a rotation axis 9, which is 
substantially horizontaL In the present invention, the two supporting 
locations S are situated on each side of the treatment volume 12, in an axial 
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disnecdon, i.e. tai the direction of the rotation axis 9. The treatment volime 12 
is in a prefeixed embodiment podtianed at the rotation aaris 9« 

The izmer gantry part 1 is ntatable around the rotation axis 9, and xD»y 
thus be used also to irradiate the treatment volume 12 from below, as 
in d icated by the broken line structure 15. The radiation head 8 is movable 
akmg the cirde arc portion 3 and the broken line head 16 illustrates one end 
position for the radiation head 8« The motion of the inner geuitry part 1 
the radiation head 8 between the supporting locations S of the w*wf >r gantry 
part 1 ahvaya takes pkuae outride a cylindrical vofaune. which is mdirated by 
the broken line 13. No movable parts of the inner gantry part 1 will ever exist 
within this gantxy rotational envelope 13, independent of the intended 
motion of the radiation head 8. The gantry rotational enveloi» 13 thus 
constitutes the firee vohmie aroimd the body to be treated 11. The body to be 
treated 11 and the couch 10 are both prefierably enctosed within a second 
cylindrical v^cdume, a body positioning volume 14. This body positioning 
volxone 14 is totally enclosed by the gantry zotattonal envelope 13, prefernbly 
vdth a certain security margin. In such a case, there is no riak for jamming 
of the body 11 against the couch 10 or destruction of the radiation head 8 
against tiie couch 10 at any time. This tmpUes tiiat the couch 10 can not 
have any supporting portions against e.g. floor or ceiling in the space 
between the supporting locations S of tiieixmer gantry part 1. 

A prefierable sohxtkm of the ooucfa-stqppartizu; problem is iBustxated in fig. 2, « 
where the irradiation device of fig. 1 is Qhistrated in a secticmal view akmg ' 
the line A-A in the axial direction. The ring portions 4» S of the inner gantry 
P»rt 1 are designed with a substantially dxmdar shape, defining rotationally 
symmetric outer surfaces. These rotationally symmetric outer suxiaces form 
tiie bearing locations of the inner gantry part 1. The support portions 6, 7 
are in a correspondiiig maimer designed with rotational^ syzrmietric inner 
surfoces. The support portions 6, 7 are adapted to fit the ring portions 4, 5, 
leaving appropriate space for beaxixiga, in the fonn of e.g. roller bearings. 
Since the ring portions 4, 5 axid the support portions 6, 7 aro formed without 
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any parts akmg the rotation axis 9, there is free^spaoe andlable. The couch 
may thus extend tfaroui^ the ring portions 4« 5 and the support portions 6, 
I 7» along the rotation axis 9. The couch 10 may tharelbre be supported by the 

outer gantzy part 2 or, as shown in the figure, by separate supports outside 
5 the inner gantry part beariz^ locations. In this embodiment, the couch 
support is movable in height and horizontally, perpendicular to the rotation 
axis 9. this two-dimenaonal mobilily is accomplisbed by means in the 
couch supports. In fig. 2, a slot portion 20 allowhig fiir honseontal movement* 
and a piston 18 and qrUnder 19 fior vertical movement are shovm. The ooudi 
10 10 and its supports are described more in detail below. 

Pig. 3a iUustraies a perspective view of a preferred embodiment of a couch 
10 according to the present invention. The couch comprises a first couch 
support portion 21 and a second couch support portion 22. As discussed 

IS above, the eouch su|^>ott portions 21, 22 may be integrated in the gantry 
\ support or provided as aepazate means. From the first couch mppoTt section 

21, a first rigid couch portion 23 extends towards the treatment volume. 
From the second couch support portion 22, a second rigjld couch section 24 
extends towards the treatment volume, in the opposite direction. The finont 

20 parts of the rigid couch sections 23, 24 are placed apart from each other and 
thereby form an empty volume 29 therebetween. This empty volume 29, at 
operation of the irradiation device, is situated just beneath the treatment 
volume 12 (see 1). The xig^ sections 23, 24 sre pre&raU^ interoonneded 
by a thin fiul 25 of material with a low radiation cross section, e.g. 

25 polyethylene. The foil 25 is in this embodiment provided as an endless bdLt, ^ 
which is driven by two rolls, 26, 27, and may thus serve for dianging the 
position of the body alorig the rotation axis. Alternatively, rig^ plates of eg, 
carbon fibre may be used instead of the thin foil. 

1: \* 

*.:^0 The rigul sections 23, 24 are in a preferred embodiment movable relative the 
gantry. Pr eferably, the displacements arc possible in at least two translation 

9, respectively. According to fig. 3a» tibese dxrecttons are denoted z and y. 
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tespeedvdy' The y-motbm of the rigid sections 23, 24 is in the present 
embodiment aocomplidicd Iqr letdng a prat^^ 

24 slide in a slot portion 20. Any ccmrontional means for causing and 
controlling this motion may be used. The z-^motion of the rif^ sections 23, 
5 24 is in the present embodiment accomplished by a piston 18 of the couch 
support portions 21, 22 which can be moved up and down in a cylinder 19. 
in a preferred embodiment, tfie motion of the x^fid sections 23, 24 are 
independent of eac<h oiher, which provides for various positioning 
poasibilittes far the bodjr. As indicated above, the finl 25 may be used far 
10 changjng the position of a body on&e couch 10 in the x-direction, by driving 
the endless bdt by ttie two ndls 26 and 27. 

Fig. 3b illustrates a cross section of a body to be irradiated. Tlie motion 
possibilities of the couch should be such that all parts of the body would be 
15 possible to position at IbB treatment volume. The limit movements in the z 
and y directions should therefiire enclose the bo^y volume, or at least the 
parts of the body vohmie, wfaidi may be a target for trzBdiation, 

Now referring again to fig. 1 and fig. 2, the co-operation between the couch 
20 and the gantxy in easily tmderstood. The inner gantry part 1 is rotatably 

supported by the outer gentry part 2. The couch 10 extends finom both ends 
along the rotation axis 9, leaving the open space 24 henfath the treatment 
volume 12. The coudi siqyport porticma 21, 22 are provided outside the inner 
gantry part si^iport locations S. When the inner gantiy part 1 is rotated 
25 around the couch 10, ttie treatment volume 12 is available from all ' 
directions without any radiation disturbing material, except for the thin 
atretcfaed foil 25. 

r It is easily seen in fig. 1 and 2, that the gantry is supported mainly in the 

30 radial direction. With respect of the rt>tation axis 9* The drcialard 

ring portions 4, 5 and the support portions 6, 7 enables the clearance of the 
volume around the couch 10. It is also seen that sinoe the centre of mass of 
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the inner gantry part 1 ahragrs is adtuated between the suf^ort locations 8, 
there are relatively low bending monient present in the geuotiy. 

In a innderred embodiment, the inner gantry part 1 is continuously rotatable, 
5 relative the outer gantxy part 2. The mechanical operation and support is 

easily jmyvided with e.g. oonventional g^ solutiona and bearings. One 
luniting factor in equipment existittg today is the ^wiring Ibr the radiation 
head. However, by introducing oiUding contBCtB b e t w e en the inner gantry 
part 1 and the outer gantry part 2» preferably in connection with the 
10 mechani cal bearing a true continuous rotational motion may be achieved. 

Retuming to fig. 1» the radiation head 8 is movable along a circle arc portion 
3 of the inner gantry part 1. The circle arc portion 3 has a centre of 
curvature, which is sttuated within the tzeatment volume 12, and prefierabl^ 

15 on the rotation aida 9. When the radiation head 8 is moved along the circle 
arc portion 3, it maintains Uie radiatiDn direction towards the treatment 
volume 12. By comUning the rotation around the horizontal axis 9 and ttie 
motion along the circle arc portion 3, a multitude of inadiation directions 
may be reached. During such movements, the radiation head 8 is situated at 

20 the same diatance from the treatment vohune 12. 

The treatment situation is schematicalbr iltuBtTBied in fig. 4. The radiation 
head 8 is posaifale to move aiqrwfaere akmg a spherical surface, which is cut 
by two parallel vertical planes 30. 31, perpendicular to the rotation axis 9. 
25 All directions within an angle VI firom a centre vertical plane 32 are ' 
achievable. A non^oplanar treatment may be achieved. Other angles than 
perpendicular to the rotation axis may be of interest to use in order to avoid 
damage of vital orgians situated in Ihe vicinity of the treatment volume 12. If 
the radiation head 8 is fixed at a certain poation Blang the dxcle arc portion 
:30 3 and the inner gantry portion 1 is rotated, the irradiation of the treatment 
volume 12 wiU be applied in a conical shape. If the di^lacement the 
radiation head 8 is controlled simtdtaneou^y as ttie irmer gantxy part 1 
movea, any other geometrical iiradiation pattern may be acoomidished. In 



• w oe/09 itf i^fteiiNh^ ^ ^ paiewverket Bioie/ojs 

•K46 le 15305B 

1999-06- 0 9 13 

Huvudfoxen Kossan 

this way an irradiation path on the treatment vohame may be adapted to 
each individual case, depending on the nature of the target azxd the 
sensitivity for radiation damage in tbe surroundings of the treatment 
vohimeU. 

5 

The possibility of continuous rotation together with the possibility to change 
the angle of tiie radiatiion head perpeodicular to the rotation aada fiacilitates 
different treatment poaaiblHtiea, If several non-coplanar irradiation paths are 
to be perfbnned* the paths may be scheduled without taking any limitations 
10 in the rotation into account. Tbe path may e.g. be selected as a continuous 
spherical shaped coil around the treatment volume 12. 



The above treatments are preferably performed in an automated mazmer. 
Since the irradiation devices according to the present invention almost 

15 totally removes the risks for mechsnicaT jamming or contact destruction, the 
operational processes may be automated easily. The possibilxly to spread the 
radiation dose over a larger volume around tiie treatment volume is used 
more efEciently* if short eaqposures from a multitude of directions are given. 
This requires a rapid movement oi tbe mdiation head, which is facilitated by 

20 the stable gantry construction according to the present invention. 

Furthermore, since the gantry construction according to the present 
invention reduces tibe lisk for jamming conside3rably> other approaches of 
control may be implemented. 

25 The motion of the radiation head in the two perpendicular directions may 
preferably be performed utilising numerical control procediarea. In such a 
system^ the coordinatos of the radiation head may easily be controlled 

: together with e.g. radiation intensatyt radiation distribution etc in order to 

tailoring a radiation treatment. Revolution times of the inner gantry part of 

•30 the order of 5 s would be possible, ensbling tiu radiation head to move 
between two arbitrary selected positions in times of the same order of 
magnitude. 
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The motion of the couch may also be controlled automatically. However, 
there is a general xequeat not to move the body during treatment, so the 
main purposes for automatic control of the couch movement is to fadlitate 
the introduction of the tao<fy into the area of the treatment volume. 



In fig. 5, a simple flow diagram of a general method ibr iiradiation according 
to the present invention is iOustrated* The procedure starts in step 100. In 
step 101. the gantry is provbled essential^ radially vritii respect of ttie 
treatment mlume. In st^ 102, the radiation head is moved to an irradiation 
10 position, and in step 105, the treatment vohame is irradiated from die 
irradiation position. The process is ended in step 107. 



In fig* 6. a p re fer red embodiment of the irradiation method according to the 
present invention is illustrated. Identical st^s are denoted as in fig, 5 and 

15 are not further discussed, in tiie preferred irradiation method, the step 102 
is divided in tvvo part steps, thus in step 103, the radiation head is rotated 
around the rotation azis» providing the requested azimuth an^e. In step 
104, the radiation head is moved along a circular path, the centre of 
curvature of winch ia non-paraUel to the rotation axis. As anyone skilled in 

20 the art understands, the steps 103 and 104 may be performed in any order, 
and preferaUy sinuiltaneously. In step 107, a non-coplanar irradiation is 
performed. 

In fig. 7, a side view of a second embodiment of an irradiation device 
25 according to the iiiventiou is iBustrated. In fig. 8 the irradiation device of fig. ^ 
7 is illustrated in a sectional view along the line B-B in the anal direction. A 

: radiation head 8 is mechanicaQy st^yported by an iTin#»r gantry part, 

: generally denoted by 1. The irm^ ga&tiy part 1 compdses in the present 

embodiment a head sui^mrting arm 213, a ring portion 201 and a 

*.:?o counterwei^t 206. The radiation head 8 is find at the head supporting arm 
213, and arranged to direct radiation to a treatmjent volume 12. A body H i^ 
placed at a bodjr-supporting oo\:ich, gjeneraOsr denoted by 10. The tnsatment 
volume 12isth6rebyintheriormalca8eapartoftfaebod^ll,whichi8goirig 



+46 18 1S305B 

1999-fl6"0 9 15 

Huvudfoxen Kasson 

to be treatied by the radiation emitted from the radiatkm head 8. The head 
supporting arm 213 is movable alcmg the xwe portion 201, ^vfaich means 
that the radiatixm head is able to rotate around a rotation axis 9, which is 
substantially horizontaL The treatment votuxoe 12 is in a preferred 
5 embodiment positioned at the rotation aads 9. 

The inner gsntiy part 1 is supported, via a first rotational auppcot 204 and a 
second rotational support 205, by an outer gantry part 2. The outer gantry 
part 2 comprises in this embodiment a generalljr &*8haped jaw portion 207, 

10 and a support portion 209. The jaw portion 207 suzrounds the treatment 
vohime 12 and is rotatiotaaltsr attached in its back end to tiie siQ»port portion 
fay a rotational connection 208. The first rotsiional si^port 204 and the 
second rotational support 205 are attached to the finont ends 202 and 203, 
respectively, ctf the jaw portion 207, and are tiier^fore positioned at each side 

15 of the treatment volume 12, in the vesrtical direction. According!^, the inner 
gantry part 1 is provided with two supporting locations S with respect to the 
outer gantry part 2. The supporting locations S are situated on eadi side of 
the treatment vohame 12, in a radial directicm. 

20 The radiation head 8 is rotatable around the rotation axis 9, and may thus 
be used also to irradiate tlie treatment volume 12 firom below* In order to 
reach non-coplanar irradiation directions, the inner gantry part 1 is rotated, 
either around a verticsl aada 210 by the first and second rotatbmsl supports 
204, 205, or around ahoztemtal axis 211 fay the rotational connection 208. 

25 A slight rotation of the inner gantry part 1 will put the ring portion 201 as ^ 
indicated by the broken line ring 212« Such a tilting will th\is limit tiie bee 

[: space around the couch 10 and hody 11, and a restriction of this tilting is 

necessary to ensure a free space aroirnd the bodsr. The first and second 
rotational supports 204, 205 are situated in tiie same plane aa the radiation 

30 head 8, while the ring portion 201 is subtly oftet, as dearlly aeen in fig. 7. 
Theaxesofthe tilting of the iimer gantry part 1, either the vertical axis 210 
or the horizontal axis 211, are intersecting the treatment volume 12. Thia 
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l^^'^^iiiaial^e^ the radia«to head 8 a 
treatment Tohunie 12. 

T^e tilting of the inner gantiy part 1 and the radiation head 8 is restzicted in 
5 such a manner that all parts of the gantzy and radiation head 8 are located 

outride a cylindrical vohune, vriaieh is indicated by the broken line 13. No 
movable parts of the inner gantxy part 1 win ever esdst within this gantry 
rotational envelope 13, independent of the intended motion of the radiation 
head 8 or tilting of the inner gantty part 1. The gantry n>tationaI envelope 13 

10 thus constitutes the £ree vohime around the bodjr to be treated 11. The body 
to be treated 11 and the couch 10 are as in jirevious embodiment both 
preferably enclosed within a second cylindrical volume, a body positioning 
volume 14. This body positioning volume 14 is totals enclosed tajr the gantry 
rotational mvclqpe 13, pnSerstbf with a certain security margin. In such a 

15 cascp there is no riak tor jamming of the body 11 against tibe couch 10 tir 
destruction of the radiatioa head 8 against the couch 10 at any time. 

The ring portion 201 of the inner gantry part 1 is designed with a 
substantial^ circular sh^. This means that the zing portion 201 is formed 
20 without any parts along the rotation axis 9, where free space is available. 
Hie cou^ 10 may thua eactend tiuough the ring portion 201, substantially 
along the rotation aads 9. When the ting portion 201 is tilted in ax7 directim 
the rotation axis 9 of ttie mdiation head 8 is also tilted. However, since the 
tilting is restricted to relatively small angles, the angular deviation between 
25 the lonfl^tudinal aads of the couch and bocty, and the rotation axis, is also * 
rdativefy amalL 

In fig. 7, it may be noticed, that since tiie first and second rotational 
supports 204, 205 are situated in the same plane as tiie xadiation head 8 
1^ and the zing portion 201 is displaced finom the axis 210, the zing portion 201 
applies a torque on the outer gantnr part 2, vriucfa would tmd to rotate the 
rotational coxmection 208. bi order to compensate ibr this torque, a 
counterweight 206, is attached to the ring portion 201. The counterweight 
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206 halances fhe ^miiglxt of die iing portion 201. The oountemeic^t 206 is 
fixed to the zing portion 201 and do not follow the rotation of the radiation 
head 8. This makes it possible to locate the counterwei^t in an area, which 
is not requirBd for access to the bod|7. 

5 

The treatment situation in a device according to the second embodiment of 
the present invention is scfaematica]^ ittustrated in fig. 9. The radiation head 
8 is possible to move an ywh e ie slong a ^herical surfoce. which is restricted 
by an angfle V2 from ttie vertical aads and an V3 finm the axis 211. AH 

10 directions within these an|^ are achievable. A non*-coplanar treatment may 
thus be achieved. Other angles than perpendicular to the rotation axis xxiay 
be of interest to use in order to avoid damage of vital orgians situated in the 
vidniQr of the treatment vohmie 12. If the inner gentry part 1 is fixed at a 
certain position with respect to the outer gantiy part 2, the rotational 

15 connection 208 ie at a fisoed angle and the radiatton head 8 is rotated, the 
irradiation of the treatment volume 12 wiB be amdied in a plane 33 defined 
by the axis 210, If the tilting of the gantry is controlled sinmltaneouslr as 
the radiation head 8 rotates, ai^ other geometrical izradiatUm pattern may 
be accomplished. In this way an irradiation path on the treatmrat volume 12 

20 may be adapted to each individual case, depending on the nature of the 
target and the sensitivity for radiation damage in the surroundings of the 
treatment volume 12. 



It is easily seen in fig. 7 and 8, that the gantry is supported mainly in the 
25 radial direction, with respect of the longitudinal axis of the coudi* and the ^ 
rotation axis 9. The circular design of the ring portion 201 ggab^ga the 
clearance of the volume around the couch 10. 

In fig* 10» a side view of a third embodiment of an irradiation device 
according to the invention is iDustrated. In £|g. 11 the izzBdiation device of 
fig. 10 is illustrated in a sectional view along the line C-C in the axial 
direction. A radiation head 8 is mechanically supported by an izmer gantxy 
part, generally denoted by 1. The ixmer gantxy part 1 comprises in the 
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present eaabodhomt a riog potion 301. The radiatton head 8 is arranged to 
direct radiation to a treatment vbhune 12. A bod^^ 11 is placed at a body* 
supporting coudti, general^ denoted by 10. The treatment volume 12 is 
^ thereby in the normal case a part of the bo4y 11, which is going to be treated 

5 by the radiation emitted from the radiation head 8. The radiation head 8 is 

movalde along the ring portion 301, ^prtxich means that the radiation head 8 
is ahte to rotate around a rotation axis 9, wfaicfa is substantially horizontaL 
The treatment volume 12 is in a preferred embodiment positioned at the 
rotation aads 9. 

10 

Hie inner gantzy part 1 is supported, via a first rotational support 304 and a 
second rotational support 305, by an outer gantry part 2. The outer gantty 
part 2 comprises in this embodiment a generally U«shaped jaw portion 307, 
and a support portion 309. The jaw portion 307 surrounds tfie treatment 
15 volume 12 and is rotationaDy attached in its lower part to the support 
portion 309 by a rotational connection 308. The first rotational support 304 
* and the second rotational support 305 are attached to the Iq^ 302 and 303, 

^ respectively, of the jaw portion 307, and are therefore positioned at each 

of the treatment volume 12, in a hoii2EQntal direction, iierpendicular to the 
20 longitudinal axis of the couch 10 and the bodty 11. Accordingly, ihe inner 

gantry part 1 is provided wxdi two supporting locations S with respect to the 
outer gantry part 2. The supporting locations 3 are situated on each side of 
the treatment volume 12, in a radial direction. 

c 

25 The radiation head 8 is rotataUe around the rotation aads 9, and may thus 
be used also to irradiate the treatment volume 12 fiom below. In order to 
: reach non-coplanar irradiation directions, the inner gantry part 1 is rotated, 

: either around a horimntal axis 310 by the first axxd second rotational 

r*]: supports 304, 305, or around a vertical axis 311 by the rotational 

^ : connection 308. A slight rotation of the inner gantry part 1 will put the ring 

portion 301 as indicated by the broken line ring 312. Sudh a tilting will thus 
limit the firee space around the couch 10 and bod|y 11, and a restriction of 
this tilting is necessary to ensure a free space around the bo4y. The first and 
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second rotational rapports 304, 305 are situated in tbe aazoe plane as the 



radiation head 8 and the ring portion 301. The aacea of the tilting of the inner 
gpntiy part 1. either the vertical aads 311 or the horizontal asds 310, are 
intersecting the treatment vohxme 12. This means that the radiation head 8 
alwagrs is directed substantia]]^ towards the treatment volume 12. 



The tilting of the inner gantry part 1 and the radiation head 8 ia restricted in 
such a mnnner that all parts of the gantry and radiation head 8 are located 
outside a cyBzidxical volume, which is indicated lay the broken line 13, No 

10 movable parts of the inner gantry part 1 will ever exist within this gantry 
rotational envelope 13, independent of the intended motion of the radiation 
bead 8 or tilting of the inner gantiy part 1. The gsntzy rotational envelope 13 
thus constitutes the free volume aroimd the body to be treated 11. The body 
to be treated 11 and the couch 10 are as in i>revioua embodiments both 

15 prefe rably enclosed within a second ^lindrieal voltixne, a body positioning 
volume 14. This body positioning volume 14 is totalfy enclosed lay tiie gantry 
rotational envi^pe 13, preferably with a certain securiQr narpn. In such a 
case, there is no risk for jamming of the bodbr 11 against the coiich 10 or 
destruction of tiie radiatian head 8 against the eoudhi 10 at any time. 

20 

The ring i^rtion 301 of the irmer gantiy part 1 is designed with a 
substantialbr circular shape. This means that the ring portion 301 is formed 
without ai^ parts along the rotation aads 9, where free space is available. 
The couch 10 may thus extend through the ring portion 301, substantially # 
25 along the rotation axis 9. When ttie ring portion 301 is tilted in any direction, 
the rotation asds 9 of the radiation head 8 ia also tilted. However, sinoe tiie 
tilting is restricted to relativi^ small ani^, the angular deviation between 
: the longitudinal axis of the oouch and body, and Ae rotation axis» is also 

\\: relativelsr sznalL 

:.30 

In fig. 10, it may be noticed, that the radiation head 8 aod the ring portion 
201 are situated essentially in tiie rame plane as the treatment volume 12. 
This means that the access to the treatment volume by visual or mechanical 
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means ia restzictocL However, the deaign of the mner gantiy part 1 U 
aiinplified as ccmpaied villi ttie seconid eznbodimcxit, describad above* In 
order to achieve access to the treatment vohame, a similar design as in the 
previous embodiment may be provided, innhading vveig^t balancing 
5 etiuipment* 



The treatment situation in a device aooordtng to the second embodiment of 
the present invention ia schematicfllly iDustrated in fig. 12. The radiation 
head 8 is possible to move ao^wbere along a spherical sui&oe, which ia 

10 teslricted Igr an angle AfSfinom the verticsl axis 311 and an an^ V5 from'a 
horizontal axis perpendicular to the longitudiTial axis of the couch and body. 
All directions within these angles are achievable. A non-coplanar treatment 
may thus be achieved. Other angles than perpendicular to the rotation axis 
may be of intezest to use in order to avoid damage of vital organs situated in 

15 the vicinity of the treatment volume 12. Iftheinner gantiy part 1 isfixedata 
certain position with rwpect to tiie outer gantiy part 2, the rotational 
connection 308 is at a fixed an|^ and the radiation bead 8 is rotated, the 
irradiation of the treatment volume 12 will be i^splied in a plane 34 defined 
the axis 310. If the tilting of the gantcy is controlled simultaneously as 

20 the radiation head 8 rotates, any other geometrical irradiation pattern may 
be accomplished. In this way an irradiation path on the treatment volume 12 
mcgr be adapted to each individual case, depending on the nature of the 
target and the sensitivity for radiation damage in the surroundings of the 
treatment volume 12. 

25 

It is eaaily seen in fig. 10 and 11, that liie gantiy is siqpportedmatt^ in ^ 
radial direction, with respect to the longitudinal axis of the couch, and the 
rotation axis 9« The circular design of the ring portion 301 enables the 
clearance of the volume around the couidh 10. It ia also seen tiiat since tixe 
•3P centre of mass of tiie inner gantiy part 1 always is situated between the 

support locations S, there axe rdativefy kw hending moment present in the 
gantzy. 
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It win be understood lay those skilled in the art that various mndifirfltinns and 
changes may be made to the present invention without dqsarture ficom the 
scope thereof, whicfa is defined bgr the appendftd riahris . 



20 
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!• An iixBdiation device, rfirnprismg 
a gantry (1-2); 

5 a radiation head (8), mrrtianicall|y st^porCBd said gantcy (1-2) 

and rotatable axound a rotation axis (9); 

said radiation head (8) is arranged to direct radiation to a treatment 
TOhane (12) situated substantial^/ on said rotation axb (9); 
and ckanetaised in thflt 
10 all movable parts of said gantry (1-2) are, in all ajtuatioins, tttuated 

at a distance from said rotation axis {9) ^vfaich is hunger than a predetemined 
Tsihie. 

2. The irradiation device aocordna^ to daim 1, rhftTSCtsrissd in ttsst said 
15 gantxy (1-2) is aKxanged substantially radially mih respect of said treatment 
vdume (12)» as defined fay said rotation axis (9). 



3. The irradiation device acoosding to daim 1 or 2, ^ise tBiis a d in tbmk said 
radiation head (8) is continuouajtyxotatable around said rotation axis (9). 



4. The irradiation device according to daim 1, 2 or 3, ch am eterised in fhat 
said radiation head (8) is movable along at least one arc of a drcle, 
substantial^ centred at said treatment volume (12), said arc being ru>n- 
paxallel with said rotation of said radiation head (8) around said rotation axis 

25 (9), whereby non-coplanar irrBdiation treatment is adieivaMc. 

5. The irradiation device according to daim any of the pieceding daims, 
chameteriaed in that said gantry (1-2) comprises an iruiergax and 
an outer gsntiy part (2). said inner gantcy part (1) is rotatabl^ supported by 

:B9 said outer gantry part (2) at two support locations (S), situated at opposite 
sides of said treatment volume (12). 
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lK:il£?'j^gLti0n device acconUng ta claim 5, diMMteilMd fai that said 



izmer gantiy pert (1) comprises a substantialbr dreaHaffy shaped porticm (4, 5; 
201; 301) azranged aitnmd said zotation axis (9). 



7. 'Hie irradiation device accoiding to claim 5 or 6, ehancteslsed in tliat said 
support locations (S) are situated on opposite sides of said trealxnent volume 
(12), in the direction of said zotation axis (9). 



8. The iziBdiation device aocmding to daim 7, domctwlsed In that said 
10 ixmer gantzy part (1) comprises a first rizig portion (4) axid a second ring 
portmn (5) separated in the direction of the rotation axis (9), said ring portions 
(4, 5) are carried in a jBrst support portion (Qazid a second siq^^ 
of said outer gantry part (2)» respectivelty. 



15 9. The irradiation device aocotding to dahn 8, t hai ac te ilaed fai that at kast 
one of said pabs of said ring portiona (4, S) and said si^ipcnt portum (6, 7) 
comprises electrical conziections with slidizig contacts. 

10. The irradiation device according to daim 7 or 8, dmnetefised in that 

20 said inner gantzy part (1) further coznprises an drde arc portion (3), on ^rhich 
said radiation head (8) is zziovabljr siqiported, v^herebjr the ce n tr e of curvature 
of said arc portion (3) is situated in said treatmjra.t volume ( 12) . 

11. The irradiation device according to daim 5 or 6, ehaiaetexlBad fat that ^ 
25 said support locations (S) are situated on opposite sides of said treatment 

vdtmie (12), pezpendicular to the direction of said rotation axis (9), azid 
provide a tilting around a first tiltizig asda (210; 310) throu^ said support 
locations (S) axul said treatoaent volume (12), whereby zum^cqplanar 
inadialion treatment is acheivable. 

Vif 
* • 

12. Hie irradiation device accordizig to daim 11. chaiaetailaed in that said 
outer gemtzy part (2) coznprises a rotatiozial connection (20% 308)» enaUizig a 
tilting of said inzier gantry part (1) axouzid a second tiltizig aads pll; 311) 
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aiibstantialljr pegpendfcuUff to fbe firrt toting aads {210; 310); said second 
toting axis (211; 311) goes ndbatantiaUy thniugli said tzvatment vxdlume (12). 



13. Irradiation device according to daim 11 or 12, chaiacteilBed hy electrical 

5 oonnections witb sliding contacts betawen said radiation head (8) and said 

« 

inner gantiy part (1). 

14.. Tlie izxadiatKni device according to any of the preceding claims, 
chameetAfflsad tff means fiir numerical control of movaUe parts in said 
10 ixradiotion device. 

15. Irradiadon device according to any of the preceding claims, chaxactevlaed 
in that said irradiation device further comprises a bod7 s uppor t in g couch 
(10), comprising two couch support portions (20, 21), otuated on each aide of 

15 said treatment vdume (12), in the direction of said rotation axis (9). 

16. bnuliation device according to daim 15, cathnaaterted te ttmt said body 
supporting couch (10) is fiBrmed in two zli^d parts 2^, each one attadbied 
to one respective of said couch su|qport portions (20, 21), said rigid parts (22, 

20 23) are intenxmnected fey material (24) with a low 

17. Irradiation device according to daim 16, chametefised 111 fhat said couch 
supp<»t portions (20, 21) are movable independenttsr of each other. 

25 18. Iiradlation device acoonlxng to claim 17, cliani^^ 

support portions 00, 21) are movable in two trenaTatfanal directions, 
substantia^ perpendicular to said rotation axis (9). 



19. Irradiation device accordir^g to any of the claims 15 to 18, chafaeterlsed 
30 In that said body-supporting cotich (10) is arranged witiiin a distance of said 
predetermined value from said rotation aads (9). 



20. IrrRdiation method comprising the steps of 
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Kcppotting a ganby (1-2), having a ladialion head (Q, sutetaatiaDy 
fadia^y ^piA respect of a rotation axis (9); 

moving said radiation head (8) in a circular path around said 
XDtation axis (9); 

5 pxxaividing a tieatzncanit vohame (12) on said rotation ax^ 

irradiate said treatment volume (12) fay radiation from said radiation 

head (8). 

21. Irradiation metibod aooording to daim 20, ctatacMxtoad fat tfiat said 
10 movingof said radiation head (8) in a circular path 

interval* considcrabbr ffM>f>r<lTTig one full turn. 

22. Irradiation method according to daim 21» chaxaetefiBed in fliat said 
moving of said radiation bead (8) in a drcular path is performed over a 

15 continuous an^ interval. 

23. biadiation xnethod according to aigr of the claims 20 to 22, 
by the fijrtiier stqp of 

moving said radiation head (8) along a circular arc path around said 
2 0 treatment vcdume (12) , non-parallel to said drcular path of said radiation head 
(8). 
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Hie preseat inveation preseata an inadjation device providing a finee vohjxne 
around the long^dinal axis of the body (13) axound the bo^y to be 
3 irradiated. The supportine parte of a gantry (1, 2) are situated subetantially 
radially with respect to tht longitudinal axis. The gantry comprises an inner 
gantry pare (1) with at least two mxpporting locations (S) to an outer gantry 
portion (2).The support locations (S) are aitaated at each ride cS a treatment 
volume (12). A radiation head (8), mechanically attached to the inner gantry 

10 part (1) and arrangjed to direct radiation to ttie treatment volume (12) is 
movable around the treatment volume (12). In pireferred embodiments^ the 
parts (20, 21, 22, 23) of the gantry are formed as rings* leaving a free space 
along the rotational axis (9). A body^suppordng couch (10) is arranged along 
the rotational axis extending through the hollow parts (20> 21, 22, 23). The 

15 radiation head (8) is preferably movable in a circular path also perpendicular 

to the rotation axis (9). Non-coplanar treatments are thereby possible to 
obtain. The annangemente are suitable tar applying ntimerical control of tiie 
gantry movements. The invention also discloses irradiation methods suitable 
for such devices. 

20 



(Fig. 1) 
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